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Progress Report  
1. OBJECTIVES  
A. Overall Objectives  
To improve the understanding of the role of corrosion in the deterioration 
of dental amalgam restorations by investigating the mechanism of corrosion, 
the effects of corrosion on the properties, and by developing suitable 
testing methods. 
B. Goals for the Current Year  




phase which is involved in the 
mechanism of corrosion of high-copper dental amalgams. 
b. To examine the relationship between mechanical properties and corrosion. 
c. To evaluate the effect of porosity on corrosion of dental amalgam. 
d. To evaluate the synthetic electrolytes used in the corrosion tests. 
2. STUDIES AND RESULTS  
a. A Study of the Mechanism of Corrosion of High-Copper Dental Amalgam: 
Breakdown of the Cu6 Sn5 Phase 
Samples of the 11' (Cu6 Sn5 ) phase were prepared by melting pure components 
in vacuum. Some of the samples contained high percentages of a tin-rich phase; 
the most homogeneous samples were used in the tests. The composition and 
structure were verified by microprobe and X-ray analyses. 
The corrosion properties of the n'phase were determined by measuring the 
potentiodynamic anodic polarization behavior, corrosion potentials, and potential 
differences between the n' phase and other phases of the amalgam microstructure. 
All tests were made in the following electrolytes: synthetic saliva, 1% NaC1 
(neutral), and 1% NaC1 acidified to pH 1. The acidified solution was used to 
simulate conditions in occluded corrosion cells. 
The results can be summarized as follows: in nearly neutral synthetic saliva 
the n'phase suffers little deterioration; the anodic polarization curves show no 
breakdown of passivity, and the corrosion potential differences between the 
phase and the y and yi phases were within 0.1 V. In 1% NaCl the activity of the 
n' phase increased but the corrosion rate remained relatively low in the range 
of potentials of interest. The highest activity was observed in the acidified 
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solution; however, even in this case, the corrosion resistance was close 
to that of the other phases. 
The results indicate that deterioration of the n' phase in dental 
amalgam cannot be explained on the basis of the susceptibility of Cu Sn 5 
 alone. The possible explanations involve effects of impurities, difrerences 
from stoichiometry, and the effect of the presence of other phases. These 
relationships will be examined on special samples in which these parameters 
have been varied. 
b. Relationship Between Mechanical Properties and Corrosion  
A study has been initiated on the effect of creep deformation on the 
corrosion behavior. In the first part, which has been completed, ADA 
specimens were exposed to synthetic saliva or 1% NaC1 at 37
o
C and subjected 
to a compressive load of 36 MPa. After one hour of loading the following 
corrosion tests were performed: anodic polarization measurement, and 
coulometric test at constant potential of 0.0V (SCE). Free corrosion potential 
was also measured for the entire duration of the creep test. For all creep-
corrosion measurements control tests were performed under the same conditions 
except without the application of the load. 
The results have shown that compressive creep deformation has very little 
effect on the corrosion behavior. At the application of the load the corrosion 
potential changed to a value more negative by about 10 mV; this change, however, 
decreased to zero within a few minutes. The polarization curves and coulometric 
data were virtually unaffected by the load. 
In view of the reported effects of tensile creep on corrosion it has to 
be concluded that only tensile deformation has a substantial effect. A 
constant load pneumatic tensile testing machine has been adapted for creep 
tests of amalgam specimens, and preliminary tests were made. The detailed 
study will be performed during the next phase of the program. 
c. The Effect of Porosity on Corrosion of Dental Amalgam  
A thorough study of the porosity and its effect on the corrosion behavior 
was performed. The study was made on a high-copper, single composition alloy 
which shows relatively high corrosion activity. The samples were prepared at 
different initial Hg/alloy ratio bu,: at nearly constant final Hg content. The 
porosity was evaluated by metallography, gas adsorption analysis, and vacuum 
impregnation with liquids. The evaluation included determination of number of 
pores in various size classes, determination of the form factor, and calculation 
of the true surface area, which included the surface area of the open pores. 
Corrosion tests were made in 1% NaC1 by the coulometric constant-potential 
method. Tests were also made on samples impregnated with epoxy resin which 
filled the pores. 
The results showed that the porosity increased with decreasing Hg/alloy 
ratio. The true surface area of a specimen of a nominal 1 cm2 area increased 
from 2.99 cm2 for 54% Hg to 3.99 cm 2  at 50% Hg to 6.64 cm2 for 46% Hg (initial 
mercury contents). The corrosion index, obtained from the coulometric tests, 
increased linearly with the true surface area. Tests with epoxy-impregnated 
specimens showed lower corrosion index and corrosion depth after epoxy-
impregnation. The study is continuned to examine if there is association of 
some of the phases with pores in the high copper amalgams, and to evaluate the 
significance of the occluded cell formation in the pores. 
d. Evaluation of the Synthetic Electrolytes  
Seven synthetic electrolytes, which have been reported in the literature 
as substitutes for the oral environment in corrosion tests, have been examined. 
The Redox potential, pH, and buffering capacity were measured for each 
electrolyte. Titration curves were also obtained for each electrolyte. The 
results show that, generally, only synthetic salivas which contain bicarbonates 
and CO 2 approximate human saliva in the buffering capacity, which is important 
in the corrosion processes. 
5a 
DE03601-09 
3. SIGNIFICANCE  
The proposed research will contribute to the understanding of the basic 
processes of deterioration of dental amalgam restorations and thus help in the 
development of improved materials. 
4. RESEARCH GOALS FOR THE COMING YEAR  
a. A Study of the Mechanism of Corrosion of High Copper Amalgam: The 
breakdown of the n'phase will be further examined using specimens 
of different purity and poly-electrodes in which the phase is 
surrounded by other components of the microstructure. 
b. A Study of the Effects of Aging on the Corrosion of High Copper 
Amalgam: Test have shown that the corrosion resistance of high 
copper amalgam increases with time even for amalgams in which no 
12 has been detected. A study of this phenomenon may contribute 
to the understanding of the corrosion mechanism. 
c. A Study of the Effect of Tensile Creep Deformation on the Corrosion 
Behavior: A continuation of the present study will be focused on 
tensile creep and the relationship of the corrosion and creep effects 
with the breakdown of margins of restorations. 
d. A Study of the Effect of Porosity on Corrosion of Dental Amalgam: 
In a continuation of the present study the mechanism of corrosion 
in the pores will be examined. 
The undersigned agrees to accept responsibility for the scientific and 
technical conduct of the project and for provision of required progress 
reports if a grant is awarded as the result of this application. 
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